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The Cost-Effectiveness of Commissioning New and Existing Commercial Buildings:
Lessons from 224 Buildings

By Evan Mills, Norman Bourassa, Mary Ann Piette, Hannah Friedman, Tudi Haasl, Tehesia Powell and David Claridge

Scattered case studies and anecdotal information form the "conventional wisdom" that building commissioning is highly
cost-effective. Given that this belief has not been systematically or comprehensively documented, it is perhaps of no surprise
that the most frequently cited barrier to widespread use of commissioning is decision-makers' lack of information pertaining
to costs and associated savings.

Designed as a "meta-analysis," this paper compiles and synthesizes published and unpublished data from real-world
commissioning and retro-commissioning projects, establishing the largest available collection of standardized information on
new and existing building commissioning experience in actual buildings. We analyze results from 224 buildings, representing
30.4 million square feet of commissioned space, across 21 states. We developed a detailed and uniform methodology for
characterizing the results of projects and normalizing the data to maximize inter-comparisons.

For the commissioning of existing buildings, we found median energy cost savings of 15% [7% to 29% interquartile
range, i.e. 25th to 75th percentiles] or $0.27/ft2-year, and median payback times of 0.7 years [0.2 to 1.7 years]. For new
buildings, median commissioning costs were 0.6% [0.3% to 0.9%] of total construction costs or($1.00/ft2), yielding a median
payback time of 4.8 years [1.2 to 16.6 years]. These results exclude non-energy impacts. When non-energy impacts are
included cost-effectiveness increases considerably, and the net cost for new buildings is often zero or even negative.
Cost-effective results occur across a range of building types, sizes and pre-commissioning energy intensities.

We find that building commissioning can play a major and strategically important role in attaining broader national
energy savings goals--with a potential of $18 billion or more in savings each year. As technologies and applications change
and/or become more complex in the effort to capture greater energy savings, the risk of under-performance will rise and the
value of building commissioning will increase. Indeed, innovation driven by the desire for increased energy efficiency may
itself inadvertently create energy waste if those systems are not designed, implemented and operated properly.

Introduction

Building performance problems are pervasive. Deficiencies such as design flaws, construction defects, malfunctioning
equipment, and deferred maintenance have a host of ramifications, ranging from equipment failure, to compromised indoor
air quality and comfort, to unnecessarily elevated energy use or under-performance of energy-efficiency strategies.
Fortunately, an emerging form of quality assurance--known as building commissioning--can detect and remedy most
deficiencies.

Scattered case studies and anecdotal information form the basis of the conventional wisdom among
energy-management professionals that commissioning is highly cost-effective. However, given the lack of standardized
information on costs and benefits of detecting and correcting deficiencies, it is perhaps of no surprise that the most frequently
cited barrier to widespread use of commissioning is decision-makers' uncertainty about its cost-effectiveness.

Designed as a "meta-analysis," the major study summarized in this paper (Mills et al. 2004) compiles and synthesizes
extensive published and unpublished data from buildings commissioning projects undertaken across the United States over
the past two decades, establishing the largest available collection of standardized information on commissioning experience.
Thorough documentation of source material, analytical approach, and detailed results can be found in the full study.

Methodology

To acquire projects for analysis, we reviewed publications from the open archival and informal literature (e.g. project
reports) as well as commissioning-provider project files to identify projects that were sufficiently well documented to enable
an analysis of cost-effectiveness and other factors of importance in this study. Use of the grey literature is essential for a study
such as this, given that property owners who obtain commissioning services rarely fund formal publication of the process and
results. Full detail on the methodology is provided in Mills et al (2004).

We developed a detailed and uniform framework for characterizing, analyzing, and synthesizing the information. The
methodology expands upon the case-study protocol developed by the California Commissioning Collaborative, summarized
in Friedman et al. (2004), placing increased emphasis on cost-benefit analysis and the characterization of deficiencies and
measures. Our approach begins with defining desired metrics and indicators (Box 1), and, from these endpoints, the types of
data required to enable the analysis. It is important to consider and define desirable metrics in advance of data collection
efforts. We characterized and grouped buildings according to definitions used by the U.S. Department of Energy's CBECS
surveys.

Documentation of project scope--steps included in the commissioning process--was collected when available (this
included 69 percent of the existing buildings studied and 38 percent of the cases of new construction) (Figures 1 and 2). We
identified fifteen potential steps for existing-buildings commissioning and sixteen steps for new-construction commissioning.
There is no industry standard for characterizing commissioning scope.

We sought to include relevant commissioning costs born by all parties (although it may be of interest to conduct
sub-analyses to evaluate the implications for different commissioning team members). Commissioning may be funded by any
combination of the building owner, tenant, utility, or other third parties such as providers of research grants. Commissioning
may be implemented by various parties, including but not limited to the Commissioning Agent. An important "grey area" is
the cost of labor for in-house participants.

From a practical perspective, there is no one single "correct" range of commissioning costs to be included. This will
depend on the audience for the analysis, e.g., a building owner may want to exclude utility rebates or financial assistance
from other parties, as it is not an out-of-pocket cost, whereas a policy analyst or program evaluator would likely want to
include such costs (as we have done in this study). Of primary importance is that a standard definition is used when
comparing multiple projects. Using the rules laid out in Table 1, we have standardized definitions, to the extent allowed by
the source data. We include costs borne by all participants, e.g. building owners, utilities, but exclude costs associated strictly
with research (e.g. demonstration projects). Commissioning agent fees are often only a part of the total cost--albeit
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complicated to define and track--of implementing the commissioning process. (Among the projects reporting the breakdown
in our sample, the median contribution of commissioning-agent fees to total commissioning costs was 67% for existing
buildings and 80% for new construction.)

Two key normalizations--rarely if ever done by others--include correcting for inflation so as to meaningfully compare
projects occurring across long periods of time (we used 2003 dollars), and normalizing for variations in energy prices across
project (we used 2003 U.S. averages for commercial buildings). Lacking such standardization, inter-comparisons of projects
are confounded in ways that can result in a loss of value for higher-level audiences such as policymakers or program
evaluators. For building owners, of course, local costs and currencies are the most relevant. To illustrate the importance of
these adjustments, raw (non-inflation-corrected) energy prices varied widely across our sample: electricity from $0.025 to
$0.159/kWh, fuel from $2.50 to $10.22/MBTU, and hot/chilled water from $2.58 to $8.30/MBTU. Commissioning project costs
from 1985 are doubled when expressed in 2003 dollars.

As commissioning is a highly variable process, it is important to develop a consistent and sufficiently specific framework
for describing the problems (deficiencies) discovered through the commissioning process and the measures applied to
address them. We developed the "Measures Matrix," a completed example of which is shown in Table 2. The matrix captures
information on deficiencies, correlates it with the applicable building system, and characterizes these specific combinations
with a unique code.

Measuring building energy use and savings is clearly central to the question of assessing cost-effectiveness. We
qualified energy use and savings data by grouping it into five categories: estimated and measured, and within measured
four levels of detail per the IPMVP protocols. We limited comparative pre-/post-commissioning analyses based on measured
data to cases with weather-normalized data, and used all data based on engineering estimates, as weather is not a
confounding factor in this case.

Irrespective of the method of determining energy savings, it should be kept in mind that a commissioning report's
recommendations may be in the process of being implemented at the time energy savings data are collected. If estimates of
ultimate savings are available, they should be incorporated in cost-benefit analyses. However, attention must be given to the
fact that not all recommendations will necessarily have been implemented as of the time of evaluation, especially since
primary documents (e.g., commissioning reports) are typically created immediately upon delivery of the recommendations.
In this study, we attempted to exclude savings for measures known not to have been implemented, but otherwise included
savings for measures that had not yet been implemented as of the date the project was documented.

An important caveat is that few of the primary sources quantified the benefits of all identified savings opportunities.
Perhaps the largest conservatism in any cost-benefit analysis for commissioning is that energy savings are only one of many
quantifiable and non-quantifiable impacts (positive or negative) (Table 3). Non-energy impacts (NEIs) include changes in
maintenance costs, changes in equipment lifetime, improved productivity, reduced change orders, and improved indoor air
quality. Where available, we included these impacts in our economic analysis.

Sample

Our data collection efforts yielded 224 buildings (175 projects), spanning 21 states and representing 30.4 million
square feet of floor area (73 percent in existing buildings and 27 percent in new construction). These projects collectively
embody $17 million ($2003) of commissioning investment. The new-construction cohort represents $1.5 billion of total
construction costs.

The information represents the work of 18 known commissioning providers (Table 4). The provider is unknown
(unreported in our source documents) for 16 percent of existing building project's floor area and for 62 percent of new
construction project's floor area. Among the existing buildings projects we analyzed, the most common locations were Texas
and California, while for new-construction projects the most common locations were Washington, Oregon, and Montana. The
median building size was 151,000 square feet for existing buildings (95,101 to 271,650 square feet inter-quartile range, i.e.
25th to 75th percentiles) and 69,500 square feet for new construction (32,268 to 151,000 square feet inter-quartile range).
With the exception of the "religious worship" and "vacant" categories, our sample covered all major building types identified
in the US Energy Information Administration's periodic Commercial Buildings Energy Consumption Survey. Not all data
elements were available for all projects.

Findings

The top-level results are shown in Table 5. For existing buildings, we found median commissioning costs of $0.27/ft2
($2003) [with an inter-quartile range of $0.13 to $0.45] whole-building energy savings of 15% [7% to 29%], and payback
times of 0.7 years [0.2 years to 1.7 years]. For new construction, median commissioning costs were $1.00/ft2 [$0.49/ft2 to
$1.64/ft2] (0.6% of total construction costs [0.3% to 0.9%]), yielding a median payback time of 4.8 years [1.2 years to 16.6
years]. (Percentage savings are generally not available for new construction, as there is no opportunity to measure energy
use in the hypothetical (not built) non-commissioned building.) All of these values exclude non-energy impacts, discussed in
greater depth below. Extensive detail on the findings and primary sources is provided in Mills et al (2004). These values are
based on corrections for inflation and standardized assumptions for energy prices, described in the preceding section on
methodology. While, on average, these normalizations did not have a large absolute effect, adjusted values varied by up to a
factor of four in individual cases. Pre-commissioning energy intensities, savings, and payback times varied among building
types, as shown in Figure 3.

Our findings are conservative insofar as the scope of commissioning rarely spans all fuels and building systems in
which savings may be found, not all recommendations are implemented, and significant first-cost and ongoing non-energy
benefits are rarely quantified, but are important drivers for undertaking commissioning and important among the perceived
benefits (Figure 4). Examples include reduced change-orders thanks to early detection of problems during design and
construction, rather than after the fact, or correcting causes of premature equipment breakdown.

Where quantified, non-energy impacts in our case studies have a material positive impact on cost effectiveness.
Observed non-energy benefits include reduced change-orders thanks to early detection of problems during design and
construction, rather than after the fact, or correcting causes of premature equipment breakdown. We found four cases in
which non-energy impacts represented a cost increase rather than savings.

For the 36 existing buildings projects providing information, information on 81 non-energy benefits was reported.
Median one-time non-energy benefits were -$0.18/ft2-year for existing buildings (10 cases) and -$1.24/ft2-year for new
construction (22 cases)-comparable to the entire cost of commissioning.

For 44 new-construction projects in this compilation, information on 95 non-energy benefits was reported. For this
cohort, median net cost ratio declined to 0.2% of total construction costs (average value 0.0%), and 7 cases out of 22
reporting had negative net costs (Figure 5). In one case, first-cost savings achieved through commissioning resulted in a
five-percent overall reduction in construction cost. Improved equipment lifetime was the most commonly reported: 19% of
the cases. This is often accomplished by reductions in hunting or cycling.

Deeper analysis of the results shows cost-effective outcomes for existing buildings and new construction alike, across a
range of building types, sizes (Figures 6 and 7), and pre-commissioning energy intensities (Figure 8). The most cost-effective
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results--both in terms of depth of savings and payback times--occurred among energy-intensive facilities such as hospitals
and laboratories. Less cost-effective results are most frequent in smaller buildings. Energy savings tend to rise with
increasing comprehensiveness of commissioning (Figure 9).

The projects identify 3,500 deficiencies (11 per building, 85 projects reporting) among existing buildings and 3,305 (28
per building, 34 projects reporting) among new construction. HVAC systems present the most problems, particularly within
air-distribution systems. The most common correctional measures focus on operations and control. For the subset of cases
where deficiencies are paired with the measures to remedy them, information is summarized in Tables 6 and 7.

We found considerable differences between our results for existing buildings and new construction. Commissioning
costs were higher in new construction, especially for larger buildings (Figure 10). In new construction commissioning, benefits
are often not calculated or measured since the purpose is typically is to ensure design intent, and estimating benefits requires
simulation of the building as though it had not been commissioned. This is reflected in the "bottom-line" results per unit floor
area--six-fold greater energy savings and four-fold lower commissioning costs for existing buildings. It should be noted,
however, that median payback times are attractive in both cases, especially when non-energy impacts are accounted for.
Larger median building floor areas in our existing-buildings sample (151,000 square feet) tended to result in lower floor
area-normalized costs compared to the new-construction cases (69,500 square feet). New-construction commissioning is more
strongly driven by non-energy objectives such as overall building performance, thermal comfort, and indoor air quality,
whereas existing-building commissioning is more strongly driven by energy savings objectives. The need for commissioning
in new construction is indicated by our observation that the number of deficiencies identified in new-construction exceed that
for existing buildings by a factor of three.

Conclusion

Some view commissioning as a luxury and "added" cost, yet it is only a barometer of the cost of errors promulgated by
other parties previously involved in the design, construction, or operation of buildings. Commissioning agents are just the
"messengers"; they are only revealing and identifying the means to address pre-existing problems.

We find that commissioning is one of the most cost-effective means of improving energy efficiency in commercial
buildings. While not a panacea, it can play a major and strategically important role in achieving national energy savings
goals. If the results observed across our sample are representative of the practice and potential of commissioning more
broadly, significant energy savings could be achieved nationally. Specifically, if our median project performance were to be
achieved over the entire commercial buildings stock (essentially an economic-potential, not adjusted for partial penetration
rates) the full cost-effective potential would amount to 15-percent of the $120-billion annual energy bill for the sector (as of
2002). This translates into savings of $18 billion annually among existing commercial buildings. In practice, the fraction of
the full stock ultimately reached will depend on the effectiveness of public and private efforts to build the market for this
emerging service.

As noted above, our median savings numbers are certainly less than would be achieved if all buildings had been
comprehensively commissioned and all recommended measures implemented. The upper-quartile existing-building
commissioning savings of 29% is twice the median, which may be closer to a best-practice level of savings. Lastly,
consideration of potential benefits must consider trends in the baseline. As buildings become more complex and utilize more
advanced technologies, the incidence of problems and need for commissioning will only increase, hence amplifying the need
for and value of commissioning.

Commissioning is underutilized in public-interest deployment programs as well as research and development activities.
As technologies, controls, and their applications change and/or become more complex in an effort to capture greater energy
savings, the risk of under-performance will rise and with it the value of commissioning. Indeed, innovation driven by the
desire for increased energy efficiency may itself inadvertently create energy waste if those systems are not designed,
implemented, and operated properly. The ultimate impact of energy efficiency research and development portfolios, as well
as deployment programs, lies in no small part in the extent to which they are coupled with cost-effective quality assurance.
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Commissioning Metrics

Building Characteristics and Demographics

» Building type (using DOE/CBECS definitions), vintage, location
¢ Year building commissioned

¢ Reasons for commissioning, deficiencies identified, measures recommended

Energy utilization intensity (use or savings)

e Electricity: kWh/building-year, kWh/ft2-year

¢ (In some cases, multiple buildings will be aggregated, in which case data must be analyzed at the "project"
level.)

* Peak electrical power: kW/building; W/ft2
¢ Fuel: MMBTU/building; kBtu/ft2-year
¢ Purchased thermal energy: MMBTU/building-year; kBtu/ft2-year

« Total energy: MMBTU/building-year; kBtu/ft2-year

¢ (Throughout this report, electricity is counted in "site" energy units, excluding losses in generation,
transmission, and distribution, i.e., 3412 BTU/kWh.)

* Energy cost: $/building-year; $/ft2-year (based on local or standardized energy prices; nominal [not corrected for
inflation] and inflation-corrected to a uniform year's currency)

* Percent energy use savings (total and by fuel)
¢ Percent total energy cost savings

¢ Persistence index: Post-commissioning energy use in a given year/pre-commissioning energy use (unitless ratio)

Commissioning cost

+ $/building; $/ft2 (based on nominal costs or, preferably, inflation-corrected to a uniform year's currency levels.
Can be gross value or net, adjusting for the quantified value of non-energy impacts)

+ Commissioning cost ratio, for new construction (commissioning cost / total building or renovation construction cost,
%).
¢ (Commissioning cost as a percentage of total electrical or mechanical costs is often used as well.)

+ Costs are tabulated separately for the commissioning agent and other parties
¢ Allocation of costs by source of funds (building owner, utility, research grant, other)
» Total building construction cost (denominator for commissioning cost ratio)

Cost effectiveness

¢ Undiscounted payback time (commissioning cost/annualized energy bill savings). This indicator is preferably
normalized to standard energy prices; costs and benefits are inflation corrected to a uniform year's currency levels

Deficiencies and measures

« Deficiencies/building; Deficiencies/100kft2
* Measures/building; Measures/100kft2

* Unique codes to identify combinations of deficiencies and measures (described in more depth below) [see Measures
Matrix]

Commissioning scope
¢ Presence of pre-defined "steps" (yes/no), with different criteria for existing buildings and new construction
Non-energy impacts

e Type

« Quantified (when possible), $/building-year; $/ft2-year [can be positive or negative] - one-time or recurring
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¢ Yes/No (when not quantified)
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